Introduction
Rett syndrome was first reported in 1966 by the Austrian neurologist Andreas Rett and received worldwide recognition following a publication by Dr Bengt Hagberg et al 1 in
1983. In 1999, the laboratory of Dr Huda Zoghbi 2 identified mutations causative of Rett syndrome in the X-linked MECP2 gene, which encodes methyl-CpG-binding protein 2 (MeCP2). MECP2 mutations are now being detected in up to 80% of sporadic cases of typical Rett syndrome. 3, 4 p.R270X, a nonsense mutation located in the nuclear localisation signal (NLS) region, which is within the transcription repression domain (TRD), is among the most frequent of the recurrent mutations detected. 5 Currently, it represents 9.6% of the pathogenic mutations recorded in RettBase. 6 In recently published papers by Schanen et al 7 and Smeets et al 8 the proportions of patients with the p.R270X mutation were much lower (2.4% (2/85) and 0% (0/24)) than the 10.9% (11/101) (w 2 ¼ 5.9, P ¼ 0.02)
in the Australian population-based juvenile sample 4 where, as in the British Isles Rett Survey (BIRS), 9 it was the third most common mutation. The age range of the cases in these two recent reports was 19 months to 60 years with a high proportion of older children and adults represented in both. We hypothesised that the reduced prevalence of p.R270X among the older subjects could be reflecting a higher mortality associated with this mutation. Using longitudinal data (collected over the past 12 years in Australia and 22 years in the UK) on cases in whom mutations have been characterised, we have investigated whether p.R270X, which we have already shown to be a more severe mutation, 4 is associated with increased mortality. , were in the group that had not been tested, compared with a mortality to date of 9/175 (5.1%) among those with a mutation and 6/60 (10.0%) among those in whom genetic testing did not reveal a mutation. The current analysis excludes the one male with a MECP2 mutation and is restricted to those females (live and deceased) (n ¼ 174) where a pathogenic mutation has been identified. The age range of this group was 2 -29 years with a median of 14.5 years. X chromosome inactivation (XCI) status was evaluated by using the methods described previously. 4 The pattern of XCI was classified as skewed when one X chromosome was active in 25% or less of the DNA sample tested, otherwise it was considered to be random. Using this technique, it was not possible to determine the linkage phase for XCI and MECP2. Informative results on XCI were available on 105/174 cases, but in only three of the eight deceased.
Methods

Case recruitment
To ensure that the analysis was limited to cases in whom prospectively collected data would be available, we restricted the Australian data to cases registered with ARSD. Thus, we did not include the 19 adult mutation positive cases of whom we were aware but who were not eligible for ARSD as they were born prior to 1976.
UK subjects
The BIRS is a UK database that has collected longitudinal data about people with Rett syndrome since 1982 and has received over 1200 notifications. 9 Among cases enrolled in the survey who have died, mutational analysis had been arranged in 22/104 (21%) with mutations detected in 15 (68.2%). This study is restricted to the 296 UK cases in the BIRS in whom a pathogenic MECP2 mutation has been identified, supplemented by a further 57 cases who had MECP2 analysis in Cardiff (n ¼ 353). After exclusion of male cases (as was also done with the Australian data as we felt the pattern of mortality in males was likely to be different), the final data set consisted of 350 female UK cases. Ages ranged from 1 -54 years with a median of 11 years. Information on XCI was not available on the UK cases.
Statistical analysis
Survival status was obtained in slightly different ways according to the data source. For the ARSD there is ongoing contact with families of study participants and the study is generally notified at the time of death of any cases. Furthermore the Australian National Death Index 11 enables detection of deaths among cases lost to follow-up.
The BIRS also has ongoing contact with families and deaths are usually reported to AK. In addition, HA has contacted the clinicians of all patients who were tested in Cardiff, and this has resulted in further notifications of deaths. For cases notified to the BIRS, age at last clinical update as well as date of death were recorded. Any updated information available through genetic analysis at Cardiff was also included. Overall survival from birth was determined using the Kaplan -Meier product-limit method. The log-rank test was applied to evaluate variations in survival among those in the different mutational groups. The eight most frequent recurrent C4T transition mutations (p.T158M, p.R168X, p.R255X, p.R270X, p.R294X, p.R133C, p.R306C and p.R106W) were compared. Additionally, survival among cases with p.R270X was compared with survival in cases with all other mutations. Hazard ratios and 95% CIs were estimated using Cox regression. In this investigation it was considered inappropriate to adjust for severity score as a covariate as it is likely to be on the causal pathway between mutation type and mortality.
Results
Among the 23 female deaths, eight were from ARSD, which represented 4.6% of the Australian cases while the 15 from the UK cohort represented 4.3% of British cases. Table 1 shows the distribution of cases by live/deceased status for the common recurrent mutations according to the data source. p.R270X was the individual mutation associated with most deaths (n ¼ 5, 11.4%). The other mutation with fewer cases but a high proportion of deaths was p.R106W where two of the 16 cases were deceased. Comparison of survival among the eight common mutations revealed a significant overall difference (log-rank w 2 (7) ¼ 15.71,
03). Moreover when survival of cases with p.R270X
Rett syndrome L Jian et al was compared with those with all other mutations survival was clearly compromised (log-rank w 2 (2) ¼ 6.94, P ¼ 0.01, see Figure 1 ) with a hazard ratio of 3.54 (CI 1.30 -9.66). In the p.R270X survivors skewing was present in two of the nine (22.2%) cases on whom data were available. This compares with a prevalence of skewing of 36.2% overall.
Discussion
Results from the first reported survival analysis of Rett syndrome cases in whom mutations have been characterised confirm our hypothesis that there is a higher mortality amongst cases arising from a p.R270X mutation. Strengths of the ARSD include the high ascertainment and follow-up of registered cases 10, 12 and the facility to update information on deaths from family and clinician notifications, as well as from linkage to the Australian National Death Index. However, although the ARSD provides population-based data, the underlying Australian population is only one third of that of the UK where the potential number of identifiable Rett syndrome cases is much greater. On the other hand, in the UK where there is also a mechanism for ascertainment and follow-up, and deaths are usually notified to AK, it is possible that some deaths may have been missed. Moreover, because the majority of deceased cases, both in the Australian and UK registers, died before molecular testing first became available in 2000, the statistical power for this analysis remains low. Until now research on mortality in Rett syndrome in general, particularly life expectancy projections, 13 has been limited, both prior to and since the discovery of its genetic cause. 9, 14, 15 One population-based study in Western Sweden, which reported follow-up to the year 2000 of 54 females diagnosed between 1971 and 1998, included 10 deaths (18%), which were usually sudden and unexpected. 15 Because of the era of data collection, no mutational data were available for these cases. Although there is now a substantial body of research relating clinical severity to mutation type, 4,16 -18 none have explored the association between mutation type and mortality. The findings of the present study are consistent with earlier results 4, 9, 16, 19 that have revealed a greater clinical severity among cases with mutations in the NLS region, p.R270X in particular. Our own earlier reports 4, 19 would have included information from some cases with a p.R270X mutation who have since died. The recently reported absence of p.R270X in the Belgian study of adolescents and adults with Rett syndrome 8 and the low proportion in the US study 7 compared with its prevalence in our prospectively ascertained cohort may well be reflecting a higher mortality associated with this mutation. 
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There is some evidence to suggest that skewing of XCI may modulate the clinical severity (and hence possibly also mortality) of Rett syndrome. 20, 21 However, XCI data were not available for the UK cases nor for three of the four Australian p.R270X deaths and only two of the nine p.R270X survivors had a skewed pattern. Future X-inactivation work, which will allow us to determine whether the normal or mutated X is inactivated, is required before we can fully investigate the impact of XCI on mortality. In summary, our findings suggest that the p.R270X mutation, already known to be associated with more severe clinical features may also be associated with increased mortality. Questions about life expectancy are among the most commonly asked by families. 22 Ongoing follow-up of national cohorts as well as international collaborations will be required to create the data to answer these questions and to gain insights into the genetic and environmental influences on mortality in this disorder. InterRett, 23 which, with its international perspective, has already ascertained nearly 300 cases within 2 years, will offer further opportunities to generate the data needed to understand more of the complex relationship between genotype and phenotype in Rett syndrome.
